In a series of 640 strains of Klebsiella isolated from clinical specimens over a 7-month period, there were sufficient biochemical differences between strains to allow a biochemical typing system to be established. Biochemical tests were done in solid media inoculated with a modified Steers inocula replicator. Biotypes were designated by a numerical coding system; 29 distinct biotypes were found among the 640 strains of Klebsiella. Serotyping of 270 of the strains was done by the Quellung reaction, and 40 capsular types were identified. Numerical biotypes and serotypes of strains appeared to vary independently. When used in conjunction, the two methods subdivided the strains into many more distinct types than either used alone. With the combined method over 100 types of Klebsiella were distinguished among the 270 isolates.
or at most are subdivided into either three or six species (4, 11) . This degree of subdivision is of little assistance in hospital epidemiological investigations, although differentiation of isolates into six species has been used in studies of the relative pathogenicity of different species in respiratory infections (6, 12, 14) . For epidemiological studies the most useful method has been capsular serotyping (1, 7, 9, 15, 17) . We have found that our own clinical isolates of Klebsiella show considerable differences in biochemical reactions. This has enabled us to devise a system of biochemical typing which divides our stains into sufficiently different types to be potentially useful for epidemiological investigations either alone or in conjunction with capsular serotyping. This report describes the typing system and its reproducibility as assessed by typing serial isolates from a number of patients.
MATERIALS AND METHODS Klebsiella isolates. All of the 640 strains of Klebsiella examined were isolated during a 7-month period from specimens submitted to the diagnostic microbiology laboratory at Sunnybrook Medical Centre. For clinical purposes they were identified and reported only as a species of Klebsiella on the basis of Gram staining, motility, lactose and inositol fermentation, H2S and indole production, utilization of citrate and gluconate, and decarboxylation of lysine and ornithine. Strains were then stored for further investigation at -70 C in a solution containing 40% (vol/vol) glycerol and 5% (wt/vol) tri-sodium citrate.
Control (Table 5 ). The six numerical biotypes defined as typical had the same biochemical reactions as the corresponding species of the two recognized systems of classification. The remaining biotypes were allocated to each species according to the majority of their biochemical reactions. As shown in Table 6 , the five most common indole negative numerical biotypes all had the biochemical reactions in groups A and B which are considered typical for the genus Klebsiella. Only reactions in group C tests showed variations. In all, 16 indole-negative numerical biotypes were Reproducibility of the numerical biotyping method. Repeat isolates of Klebsiella were obtained on two or more occasions from 37 patients. The repeat isolates from 24 of these patients, in whom cross-infection did not seem clinically probable, were found consistently to have either the same or a closely related numerical biotype and the same capsular type, indicating persistence of the same strain. Minor changes noted in the numerical biotype of Klebsiella isolated on repeated occasions from 7 of these 24 patients were due to variable urease production. In repeat isolates from 8 of the 37 patients, major changes in numerical biotype were observed. The new biotype in every case was of a different capsular type from the original strain. The later isolates from five patients were of different capsular types from the original but had the same numerical biotype. They all belonged to one of our three commonest biotypes, each of which is associated with many different serotypes. All but 1 of the 13 
DISCUSSION
Epidemiological investigation of nosocomial infections is greatly facilitated by the use .of a precise typing system for the organism involved. This is particularly true when the organism is one, like Klebsiella, which is isolated with relative frequency. To provide additional precision to the commonly employed serological typing system, further subdivision of Klebsiella by a second method would be preferable to serotyping alone. The numerical biotyping system provides this. It allows a concise differentiation of each strain of Klebsiella without bias from over-emphasis on any one biochemical test. As shown in Table 5 , our Klebsiella isolates were subdivided into many more biochemical types than the presently recognized species. This degree of subdivision would be of real value for epidemiological investigations.
To perform the biochemical tests on relatively large numbers of Klebsiella, use of solid media and the Steers inocula replicating apparatus was less costly than conventional tube biochemical tests and proved equally reliable. Even the alteration of tests for gluconate utilization to solid media read for presence or absence of growth did not affect the results so long as the test strains were preincubated in minimal salts medium. As shown in Table 8 , this prevented residual growth on the solid medium of strains which did not utilize gluconate.
All tests except MR and gas production from glucose gave clear readings after 18 h of incubation. With MR and glucose, however, some strains gave strong reactions at 18 h, whereas others did not give any reaction until 2 or 3 days. Thus, if all were tested at 2 or 3 days the reactions of the strong early positives tended by that time to obscure the reactions of strains in adjacent locations on the plate. For these reasons these two tests were not used in our biotyping system and are not included in the numerical codes described in Tables 2-4 . Nevertheless, it was observed that biochemically active strains, which in the coding system were given low code numbers, generally produced gas from glucose within 18 h. The methyl red test may prove useful as an additional marker for identifying less common numerical biotypes; this is being investigated further.
Indole-positive strains accounted for 16% of our isolates as compared with a figure of 6% given in the standard text by Edwards and Ewing (8) . This was not an artefact due to our solid medium technique because all these indole reactions were checked by the conventional tryptone water test. We are now investigating the part played by these strains in infections in our own hospital and comparing their frequency in other hospitals.
Reported investigations of hospital infections caused by Klebsiella have relied heavily on capsular serotyping for differentiation of Klebsiella strains. Our experience with the commercially available antisera has shown that they must be used with caution. According to the pamphlet supplied with each monospecific antiserum the Quellung reactions are specific. Our results do not substantiate this. Many cross-reactions were observed when the type strains of Klebsiella were tested against each commercial antiserum. The same cross-reactions were found when clinical isolates were examined. This was a serious technical disadvantage, because the titrations required to identify the homologous capsular type were tedious. Since the commercial antisera are supplied in 1-ml volumes, absorptions to remove heterologous antibodies were not practical. Moreover, we have found that few of the sera give adequate Quellung reactions if used at 1:8 to 1:16 dilutions as is stated to be possible in the accompanying leaflet. We found it necessary to use them undiluted. For these reasons we are now producing our own antisera in rabbits with acetone-dried whole bacterial antigens.
Our preliminary survey of repeat isolates of Klebsiella from various patients has demonstrated the reproducibility of numerical biotyping and its potential value in epidemiological studies when used in conjunction with capsular serotyping. Use of the two methods together allows the recognition of many more types than is possible with only one of the methods. We are now using the combined typing system in our continuing study on the epidemiology of nosocomial Klebsiella infections.
